In a search for tools to distinguish antigenic variants of Ehrlichia ruminantium, we sequenced the major antigenic protein genes (map1 genes) of 21 different isolates and found that the sequence polymorphisms were too great to permit the design of probes which could be used as markers for immunogenicity. Phylogenetic comparison of the 21 deduced MAP1 sequences plus another 9 sequences which had been previously published did not reveal any geographic clustering among the isolates. Maximum likelihood analysis of codon and amino acid changes over the phylogeny provided no statistical evidence that the gene is under positive selection pressure, suggesting that it may not be important for the evasion of host immune responses.
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Ehrlichia ruminantium (6) , the tick-borne causative agent of heartwater in domestic and wild ruminants, is widespread throughout sub-Saharan Africa, in Madagascar, and on some islands in the Caribbean. Mortality rates among susceptible hosts can reach 90% (18) , and the design of any potential vaccine is complicated by the fact that field isolates differ in immunogenicity (10) . Oligonucleotide probes based on the most variable region of the E. ruminantium 16S gene distinguish five different genotypes (2), but little genetic information is available for the distinction of immunogenic variants.
E. ruminantium has an immunodominant polymorphic gene (map1) which appears to be single copy (4, 12) and which codes for a major antigenic surface protein of about 32 kDa (19) . map1 has been suggested as a useful marker for isolates from different geographical areas (14) , and we wished to determine whether it might be a suitable target for the development of variant-specific probes. We therefore sequenced map1 genes from 21 new E. ruminantium isolates and compared the data with 9 previously published map1 sequences.
The closely related organisms Ehrlichia canis and Ehrlichia chaffeensis have families of immunodominant major surface antigens (28 to 30 kDa), the sequences and expression of which have been extensively studied with a view to the development of serodiagnostic reagents (12, 22) . However, there is no information on whether these genes are polymorphic between different isolates of E. canis and E. chaffeensis, as is E. ruminantium map1.
DNA was extracted from the 21 E. ruminantium isolates detailed in Table 1 using a commercial kit (QIAamp DNA mini kit; Qiagen, Hilden, Germany) and was subjected to PCR using the degenerate primers Fmap1 and Rmap1 (2) . Single amplicons of ϳ870 bp were obtained from tissue culture-derived material, but multiple amplicons were obtained from ticks and blood stabilates. Amplicons of the appropriate size were gel purified and cloned into pGEM-T (pGEM-T Vector systems; Promega Corporation, Madison, Wis.) according to the manufacturer's protocol. Transformants containing E. ruminantium map1 inserts were identified by probing with a random prime-labeled E. ruminantium Welgevonden map1 amplicon as described previously (2) and were sequenced from both ends on an ABI 377 automated sequencer. The new map1 gene sequences were deposited in GenBank with the accession numbers indicated in Table 1 . The 21 sequences were aligned with 9 previously published E. ruminantium map1 sequences (Table 1) , and the sequence of the Anaplasma marginale major surface protein 4 gene (msp4) was used as an out-group to root the phylogenetic trees. Alignment was carried out using CLUSTALW (17) and manually adjusted using the SEQLAB multiple alignment program (version 10-1, GCG).
The nucleotide alignment was used to infer an amino acid alignment of 293 positions within which polymorphisms were concentrated in three hypervariable regions ( Fig. 1 ), each about 10 to 15 amino acids long; these were located around positions 85, 160, and 260. Identical nucleotide sequences were obtained for five pairs among the 30 isolates: Mali-Sankat, Omatjenne-Kümm2, Ludlow-Kiswani, Senegal-Kümm1, and Kwanyanga-Lemco. Other workers have stated (16) that their sequence of Welgevonden map1 is the same as that of Lemco map1 (AF125277) and different from the published Welgevonden map1 sequence (U49843). Sequence U49843, however, has been obtained from three different batches of Welgevonden-infected tissue culture-derived DNA treated in three different ways; two of these (identical) sequences were obtained from clones isolated from two different genomic libraries (4, 5) constructed in a South African laboratory (OVI), and the third was obtained after PCR amplification of the gene in a laboratory on Guadeloupe (CIRAD).
A maximum likelihood (ML) phylogeny of the MAP1 amino acid sequences was inferred using the MOLPHY 2.3 package (1) and the PHYLIP 3.5c package (7) . Briefly, a distance matrix was calculated using "njdist" (MOLPHY) with the JTT-F model (8) , and this was used to infer a Fitch tree using "fitch" (PHYLIP), with A. marginale MSP4 as the out-group. This tree was then used as the initial tree from which the ML tree was inferred by local rearrangements using "protml" (MOLPHY) with the JTT-F model, with bootstrap values calculated for each internal branch. The resulting phylogenetic tree (Fig. 2) , the topology of which was identical to that of the initial Fitch tree, was drawn using "njplot" (13) . Various phylogenetic analyses of the nucleotide sequences also consistently yielded trees with almost identical topology (data not shown), indicating that the inferred phylogenetic relationships are robust to different methods of tree estimation.
The phylogenetic tree (Fig. 2) indicates clearly that there is no geographical distribution specificity among the MAP1 variants: there are well-defined clusters, several of which contain isolates from widely distributed locations. Isolates within a cluster do not share a virulence phenotype or 16S genotype, and the sequence variations are too great to design clusterspecific probes. One reason for these observations could be that high levels of recombination are occurring between different lineages, and to investigate this, we performed a linkage disequilibrium analysis (3). This revealed moderately low levels of linkage disequilibrium in these data and no decline in the level of linkage disequilibrium between sites that were further apart, so there is no strong evidence for frequent map1 recombination among these lineages. Examination of levels of silent and nonsilent nucleotide substitutions along the nucleotide alignment, based on permutation tests of averaged site-by-site pairwise sequence comparisons, revealed that silent variation was evenly distributed along the gene but that nonsilent changes were significantly (P Ͻ 0.05) clustered at two locations, corresponding to the first (most 5Ј) hypervariable region and the third (most 3Ј) hypervariable region but not to the central one.
The wide sequence variation of MAP1, coupled with the fact that it is strongly serologically immunodominant (9), suggests that the protein may be involved in evading attack by the host's immune system. To test this hypothesis, we analyzed the aligned data set and the inferred ML tree using the M3(n) model in the codeml program from the PAML package (20, 21) . This model assumes that during sequence evolution different codons have undergone different ratios of nonsilent to silent base substitutions (d n :d s ) (11) Table  2 .
The 3-category model, which was found to be preferred over the 2-or 4-category model, had 9% of the codons assigned to a category where d n :d s was equal to 0.86. This analysis, therefore, does not provide statistically significant support for positive selection pressure. It is possible that positive selection pressure does occur but that conformational constraints on the MAP1 molecule act to reduce the value of d n :d s below the critical threshold, but there is currently no theory which allows such an effect to be quantified. The lack of support for positive selection pressure on map1, despite the fact that MAP1 is serologically immunodominant, possibly suggests that this pro- 
